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Background: The present study examined, among weight-stable overweight or obese adults, the effect of increasing doses of 
exercise energy expenditure (EEex) on changes in total daily energy expenditure (TDEE), total body energy stores, and body 
composition. Methods: Healthy, sedentary overweight/obese young adults were randomized to one of 3 groups for a period of 
26 weeks: moderate-exercise (EEex goal of 17.5 kcal/kg/wk), high-exercise (EEex goal of 35 kcal/kg/wk), or observation group. 
Individuals maintained body weight within 3% of baseline. Pre/postphysical activity between-group measurements included body 
composition, calculated energy intake, TDEE, energy stores, and resting metabolic rate. Results: Sixty weight-stable individuals 
completed the protocols. Exercise groups increased EEex in a stepwise manner compared with the observation group (P< .001). 
There was no group effect on changes in TDEE, energy intake, fat-free mass, or resting metabolic rate. Fat mass and energy stores 
decreased among the females in the high-exercise group (P = .007). Conclusions: The increase in EEex did not result in an equivalent 
increase in TDEE. There was a sex difference in the relationship among energy balance components. These results suggest a weight- 
independent compensatory response to exercise training with potentially a sex-specific adjustment in body composition. 
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Exercise-induced weight loss is commonly less than that 
predicted using weight loss models.! These models are usually 
based on the relationship of energy intake and energy expenditure 
(energy balance) over time. However, there are a number of 
common assumptions that are made when applying an exercise 
intervention as part of a program for weight loss. Among these 
assumptions are (1) that energy expenditure is additive such that 
increasing exercise energy expenditure (EEex) will result in a 
proportional increase in total daily energy expenditure (TDEE) 
and (2) that increasing energy expenditure does not elicit a 
proportional increase in energy intake. However, it is clear that 
the components of energy balance—energy intake, expenditure, 
and stores—are dynamic and interrelated. And the amount of 
energy expenditure, as well as weight change incurred during an 
exercise intervention, increases the complexity of the relationships 
among eating behavior, daily activity, and body composition.” 

A number of research groups have examined the relationship 
between changes in EEex and TDEE. A major interest in bioener- 
getics research is the potential compensatory response by which an 
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increase in EEex would elicit a reduction in non-EEex, resulting in no 
change in TDEE. The literature on the effect of EEex on TDEE has 
been inconsistent with a compensatory response shown in some,*-!° 
but not all,!'-!> studies with compensation more likely in older 
individuals. There are few prospective, dose-response studies that 
have examined the interaction of the primary determinants of energy 
balance (the relationship among energy intake, expenditure, and 
stores) and specifically determining if there is a compensatory 
response during an exercise intervention while intentionally main- 
taining body weight.'*!> In the present study, overweight and obese 
young adults participated in a 26-week exercise intervention while 
maintaining their body weight at baseline levels in a study designed 
to examine the effects of different doses of exercise-related energy 
expenditure on TDEE and body composition and energy stores. 


Methods 
Participant Recruitment 


Sedentary men and women aged 21 to 45 years with a body mass 
index (BMI) of 25 to 35 kg/m? were recruited. Inclusion and 
exclusion criteria (Table 1) were designed to select healthy indi- 
viduals with no major acute or chronic conditions, no recent major 
changes in health behaviors, and weight change of <2.27 kg in the 
previous year. The study protocol was approved by the University 
of South Carolina Institutional Review Board and individuals 
signed informed consent. The study was registered at Clinical- 
Trials.gov ID #NCT01736098). 


Participant Flow 


The study followed individuals for a period of 7 months with a 26- 
week training intervention. Table 2 illustrates the data collection 
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Table 1 Inclusion/Exclusion Criteria 


Inclusion criteria Exclusion criteria 


Effect of Exercise on TDEE and Energy Stores 457 


* Body mass index: 25-35 kg/m? * Currently participating in structured exercise (3 times per week for the past 6 mo for at least 
20 min at a time) based on self-report 
¢ >7000 steps per day and >10 min vigorous physical activity during 3-d run-in using 
SenseWear activity monitor 
e Planning to participate or currently participating in a weight loss intervention or exercise 


program 

° 21-45 y of age e Planning to have weight loss surgery 

e Fasting plasma glucose <126 mg/dL e Weight change >5 lb in last 12 mo 

e Current medications must have been e History of depression, anxiety, or panic with medications started within last 3 mo (include if 
prescribed for 3 or more months and stable stable on medications) 

e Internet access (home or other; agreement e Total cholesterol =240 mg/dL with low density lipoprotein cholesterol 2190 mg/dL or 
by participant that they will comply with triglyceride levels >300 mg/dL 
the extent of Internet use required). We are e Currently taking any of the following medications: hormone replacement therapy, beta 
experienced with using Internet interven- blocker, allergy shots, or systematic corticosteroids (except inhalers) 
tions and are aware that we must be certain e Significant cardiovascular disease or disorders including but not limited to serious ar- 
that participants have regular Internet rhythmias, cardiomyopathy, congestive heart failure, stroke or transient ischemic cerebral 
access and have the ability to use it as attacks, peripheral vascular disease with intermittent claudication, acute, chronic, or recurrent 
instructed. We will conduct training ses- thrombophlebitis, and State H or IN hypertension, myocardial infarction, and abnormal 
sions during the run-in period to insure this exercise stress test 


will not be a barrier for participants 

e Able to participate in a somewhat stren- 
uous physical exercise program 

e Able to provide informed consent for 
participation in a research study 


e Medical history with presence of significant conditions or disease that may interfere with study 
—eg, cancer within past 5 y of diagnosis (except nonmelanoma skin cancer), recent surgery 

e Pregnant or actively trying to become pregnant 

e Gave birth in last 12 mo or <6 mo postlactation 


e >90th percentile on the Brief Symptom Inventory 


e Planning to move from the area in the next 8 mo 


e Other medical, psychiatric, or behavioral factors that in the judgment of the principal 
investigator may interfere with study participation or the ability to follow the intervention 


protocol 


Table 2 Measurement Sessions 


Questionnaires asking about medical history and health-related, 
dietary, and physical activity behaviors 


Blood pressure 
Weight 
Waist and hip circumference 


Body scan to evaluate body composition and amount of fat 
(dual X-ray absorptiometry scan) 


Resting metabolic rate 

Graded exercise fitness test 
Fasting blood draw 

Download activity monitor data 


over the study period. An orientation session included a presenta- 
tion describing the study design and expectations for participation. 
Height and weight were measured to calculate BMI. Individuals 
wore the SenseWear Mini Armband® accelerometry device (Body 
Media Inc, Pittsburgh, PA) over a “run-in” period of 3 days to 
verify sedentary status (<7000 steps per day and <10 min of 
vigorous physical activity).!° 


Baseline 3 mo 6 mo Daily or weekly 
x x x 
x x 
x x 
x x 
x x 
x x x 
x 
x 


Baseline Measurement Sessions 


Baseline measurements consisted of 2 separate sessions within a 
period of 7 days. Baseline session 1 consisted of body composition 
assessment and a graded treadmill exercise test (modified Bruce 
test to volitional fatigue) to determine cardiorespiratory fitness. 
Resting blood pressure, weight, and height were measured, and a 
dual X-ray absorptiometry scan was performed. Baseline session 2 
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followed a 12-hour overnight fast. Resting metabolic rate (RMR) 
was measured. Individuals were given a SenseWear armband 
accelerometry device to measure activity over a period of 10 days. 


Randomization 


After completion of baseline measurements, individuals were 
stratified by age, sex, and race, and randomly assigned to either 
a moderate-exercise dose (MOD), a high-exercise dose (HIGH), or 
a nonexercise observation (OBS) group at a ratio of 3:3:1. Ran- 
domization was performed with computer-generated numbers. 


Intervention 


The intervention consisted of on-site, supervised treadmill exercise. 
Each participant was given an exercise prescription to achieve an 
intensity of 70% to 75% maximum heart rate. The target EEex 
was based on an intensity that allowed individuals to achieve the 
weekly EEex in a reasonable amount of time and number of training 
sessions.'’7 To account for differences in body weight among in- 
dividuals, each participant’s prescribed dose of exercise was deter- 
mined as weekly EEex per kilogram of body weight.!° Assuming 
maximum aerobic capacity of approximately 8 METs in the study 
population,'*® the expected exercise intensity at 70% to 75% maximal 
capacity would be 5.8 METs (ie, 5.8 kcal/kg/h). Individuals in the 
MOD group were asked to achieve an EEex of 17.5 kcal/kg/wk, 
while the individuals in the HIGH group targeted an EEex of 35 kcal/ 
kg/wk. In order to familiarize individuals with the treadmill and their 
required exercise volume, there was a ramp-up phase lasting 4 to 
6 weeks during which individuals began with a weekly goal of 
10 kcal/kg/wk and were ramped up to the prescribed dosage. 

Exercise intensity was monitored by trained staff via a heart rate 
monitor (FT1™; Polar Electro, Lake Success, NY) and reviewed 
every 5 minutes. EEex from each exercise session was based on 
metabolic equations (treadmill walking VO =3.5 + [0.1 x speed] + 
[1.8 x speed x %grade]) and estimated using the individual’s weight, 
duration, and speed/grade of the treadmill!® so that prescribed 
exercise dosage for each session could be calculated prior to the 
participant’s arrival. 

All individuals were instructed to maintain their weight (within 
+3% of their baseline body weight) throughout the 26-week inter- 
vention period. Nutritional consultation for the individuals was 
provided by a registered dietician. The OBS group came into the 
lab monthly to ensure weight maintenance. If weight was not within 
3% of baseline body weight for a period of 2 consecutive weeks, 
individuals were required to meet with the staff registered dietician 
to discuss options to meet the study requirements. Individuals were 
removed from the study after 3 unsuccessful private sessions with 
the dietician, if body weight changed by more than 5%, or if 6 or 
more exercise sessions were missed in | month. 


Measurements 


All measurements were obtained by trained and certified research 
staff in the Clinical Exercise Research Center at the University of 
South Carolina. 


Anthropometry and Body Composition 


Anthropometric and body composition measurement techniques 
that were used have been described in detail previously.7° 
Height (cm) and weight (kg) were measured using a wall-mounted 


stadiometer (Ayrton Crop, Prior Lake, MN) and an electronic scale 
(Healthometer, McCook, IL). The average of 2 measurements was 
used to calculate BMI (kg/m?). Waist and hip circumference were 
measured using a spring-loaded tape measure. Fat mass and fat-free 
mass were measured with a Lunar Prodigy fan-beam dual X-ray 
absorptiometry scanner (model 8743; GE Healthcare, Waukesha, 
WI) and were analyzed using enCORE software (version 15; 
GE Healthcare, Boston, MA). 


Resting Metabolic Rate 


As described previously,2? RMR was measured using standard 
indirect calorimetry under a ventilated hood (TrueOne 2400; Parvo 
Medics, Sandy, UT) over a 30-minute period with data collection 
over the last 15 minutes. Individuals tested in the morning in a 
12-hour fasted state and at least 24 hours following the last bout of 
exercise. 


Energy Expenditure 


Each participant was issued a SenseWear armband to monitor 
physical activity over a measurement period of 10 days at baseline, 
13 weeks, and 26 weeks. Individuals were instructed to wear the 
armband for 24 hours, excluding wet activities such as showering or 
swimming. Individuals were asked to maintain a journal of activities 
during periods of time when the armband was not worn. Energy 
expenditure during armband wear time was estimated for each 
participant using the SenseWear armband algorithm with the in- 
dividual’s measured RMR substituted for the standard | kcal/kg/h 
used in the SenseWear algorithm. This method of estimation using 
the armband has been shown to provide an accurate estimation 
of energy expenditure in free-living adults.*! Energy expenditure 
during nonwear time was estimated based on matching the activity 
recorded in the activity journal with the corresponding MET value 
according to the 2011 Compendium of Physical Activities.?? 
Energy expenditure for such periods was calculated as the MET 
value of the activity (MET minutes) times the individual’s measured 
RMR.?° TDEE was calculated as energy expenditure during wear 
time plus energy expenditure during nonwear time. EEex calcula- 
tions were based on metabolic equations and estimated using the 
individual’s weight, duration, and speed/grade of the treadmill.!? 


Energy Intake 


Energy intake was calculated from data collected over the 10-day 
measurement period based on the energy balance equation repre- 
sented as: AES = EI — EE, where ES represents change in energy 
stores, EI represents the rate of energy intake, and EE represents the 
rate of energy expenditure. Energy intake was calculated using 
estimated energy stores derived from the dual X-ray absorptiometry 
scan-based fat mass and fat-free mass ( 1020 4M + 9500 aM), and 
energy expenditure derived from the armband accelerometer. Energy 
intake was calculated as follows: Calculated energy intake = 
1020 SEEM + 95004 + EE, where AFFM and AFM represent 
the changes in fat-free mass and fat mass.*! The energy densities 
of fat-free mass and fat mass are estimated at 1020 and 9500 kcal/kg, 
respectively.” 


Statistical Analyses 


Frequencies and distributions were calculated with IBM SPSS 
Statistics (version 25; IBM, Armonk, NY). Sample size 
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calculations were performed with Sealed Envelope Power Calcu- 
lator (version 2011; Sealed Envelope Ltd, London, UK) for a 
2-sided analysis of variance designed to achieve a power of 0.80 at 
a level of .05. Calculations based on increases in mean TDEE for 
the 2 exercise groups of at least 175 (100) kcal/d and 50 kcal/d for 
the OBS group indicated a need for at least 11 individuals per group 
to detect a difference over 26 weeks between OBS and the exercise 
groups. With a potentially high dropout rate and partial compliance 
of 30% among the exercise groups, randomization was structured 
for a 1:3:3 distribution of at least 15:45:45 individuals in OBS, 
MOD, and HIGH groups, respectively. Statistical significance for 
comparison of 26-week changes among groups was tested using 
analysis of variance for continuous variables and chi-square tests 
for categorical variables (race and sex). The Tukey post hoc test 
was used to identify differences between specific groups. Results 
are described as group mean (SD) unless indicated. Results illus- 
trated in figures are described as group mean (SE) adjusted for age, 
race, and sex unless otherwise indicated. All reported P values are 
2-sided with significance set at P<.05. 


Results 


Individuals and Randomization 


As described in Figure 1, 115 individuals completed orientation 
sessions and were randomized into the OBS, MOD, and HIGH 
groups (n=16, n=49, and n=50, respectively). Eighty-one 


Total screened 


1594 Reason ineligible n 


Does not meet criteria 889 


Eligible based on Did not finish 172 


online screener 
533 Reason ineligible n 
Does not meet criteria 222 
In other study 25 


Attended Lost to study 


orientation 


176 
Reason ineligible n 
Does not meet criteria 19 


Attended Lost to study 20 


baseline 


measurements Reason ineligible 
137 


Lost to follow-up 
Noncompliant 
Not sedentary at baseline 





Randomized i igs sa 
Ohearvattonal Medical conditions/medications 
MOD 
Bee Reason ineligible n 
Lost to follow-up 18 
Comgleted i Noncompliant 37 
Observational 13 
MOD 26 
HIGH 21 
Figure 1 — Diagram illustrating the participant flow, inclusion, and 
exclusion. 
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individuals (70%) completed the 26-week intervention period. 
Postintervention, 8 individuals’ data were removed because they 
did not reach a threshold of 75% compliance to the assigned weekly 
EEex with 13 individuals removed for failing to maintain body 
weight. Therefore, 60 individuals (52%) were included in the data 
analysis with a distribution among groups of OBS = 13, MOD =26, 
and HIGH =21. The demographic distribution of the individuals 
who withdrew was as follows: OBS group, 2 females and 1 male; 
MOD group, 2 females and 5 males; and HIGH group, 5 females 
and 6 males. There were no significant demographic, anthropo- 
metric, or energetic differences between the baseline data of the 
individuals included in the analyses and those individuals not 
included. 

The mean age for the individuals was 30.3 (7.3) years with 
30 females (50%) and 30 males (50%). Almost half of the 
individuals were white (46.7%), followed by black (33.3%) and 
Asian (18.3%) individuals. Table 3 shows baseline characteristics 
among the 3 groups. There were no significant differences in age, 
sex, or race among the randomized groups. 


Anthropometry 


Forty-nine (82%) individuals who completed the study were clas- 
sified as overweight (25 kg/m* < BMI < 30 kg/m”) at baseline with 
the remaining individuals classified as obese (BMI > 30 kg/m”). The 
mean height, weight, and waist circumference for the group were 
168.9 (9.5) cm, 79.9 (11.66) kg, and 85.6 (9.4) cm, respectively, 
with a mean BMI of 27.92 (2.6) kg/m’. The average baseline body 
fat percentage was 29.57 (4.59) for men and 39.57 (3.96) for women 
(Table 3). 

As reported in Table 4, there was no significant difference 
in weight change by group assignment (F257=0.988, P=.379, 
Np = .051) or among male participants (F'3,.7=0.379, P=.689, 
Np = .015). Females in the HIGH group showed loss of body 
weight (—0.83 [1.48] kg) compared with OBS (0.59 [0.56] kg, 
P=.028) but not MOD group (0.89 [0.84] kg, P=.548) (Fo27= 
4.058, P=.029, Np = .029). 

There were no significant changes by group in fat-free mass or 
fat mass (Table 4). There was a nonstatistically significant finding 
(F257 = 3.043, P=.056, Np = .096) for a group main effect of 
exercise participation on body fat percentage change. Females 
showed a group effect with a stepwise reduction in body fat 
percentage (F227 = 5.922, P = .007, n = .305). There was nonsta- 
tistically significant evidence for a group by sex effect for change in 
fat mass (F2 54 = 3.141, P= .051, Np = .104) with females showing 
a stepwise decrease from OBS to HIGH (F227 =6.776, P= .004). 
Males showed no reduction in fat mass (F.27=0.005, P=.995, 
Np = .027) or body fat percentage (F227=0.167, P=.847, 75 = 
.012). There was no group by sex effect for change in fat-free mass 
(F253 =0.186, P=.830, Np = .003). There was no difference in 
between-group (F255 = 0.335, P=.717, 75 = .012) or group by sex 
interaction for change in waist circumference (F25g=0.721, P= 
491, n3 = .027). It is important to note that the study was not 
powered statistically to test an effect of sex, so these findings are 
meant to be strictly exploratory. 


Energy Expenditure and Activity 


The compliance percentage to the prescribed exercise program 
was not different between the MOD (84.9 [12.4]) and HIGH 
(81.9 [36.9]) groups (F1 45 =0.153, P =.698, 1 = .003). There 
was a highly significant stepwise increase from OBS to HIGH 
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Table 3 Baseline Characteristics by Group 


Group assignment 


Age, y 29.9 (6.9) 
%Male 46 

%White 54 

Height, cm 169.6 (7.2) 
Body weight, kg 81.6 (10.4) 
Body mass index, kg/m? 28.3 (2.9) 
Waist circumference, cm 86.5 (9.8) 
Fat mass, kg 28.9 (5.6) 
Fat-free mass, kg 53.9 (8.1) 
Body fat, % 34.5 (7.6) 
VO>peak, mL/kg/min 28.8 (6.4) 
Resting metabolic rate, kcal/d 1526 (191) 
Total daily energy expenditure, kcal/d 2570 (460) 


Total energy stores, kcal 


Observational (n = 13) 


329,731 (53,798) 


MOD (n = 26) HIGH (n = 21) 
30.5 (7.2) 30.6 (8.1) 
50 57 
39 49 
167.5 (9.6) 170.5 (10.6) 
78.8 (10.9) 80.5 (13.5) 
28.0 (2.5) 27.5 (2.6) 
85.2 (8.9) 85.6 (10.2) 
28.1 (6.0) 26.6 (6.5) 
51.4 (8.8) 54.0 (11.9) 
35.9 (7.8) 33.0 (9.1) 
26.8 (6.4) 31.6 (7.8) 
1409 (264) 1520 (316) 
2484 (397) 2550 (464) 


318,884 (57,968) 307,970 (61,029) 


Note: There were no significant differences (P< .05) in any variable among groups. 


Table 4 Baseline to 26-Week Changes by Group 


Group assignment Observational 


Body weight, kg 0.08 (0.95) 
Body mass index, kg/m? 0.03 (0.35) 
Waist circumference, cm —0.69 (4.1) 
Fat mass, kg 0.05 (1.22) 
Fat-free mass, kg —0.17 (1.14) 
Body fat percent 0.05 (1.22) 
Resting metabolic rate, kcal/d 19 (87) 
Exercise time, min/wk 0 (0) 
Exercise energy expenditure, kcal/kg/wk 0 (0) 


“Versus observational group <.01. **Versus MOD group <.0S. 


in EEex during the intervention period, as measured in total kcal/d 
(F257 = 205.88, P<.001, Ne = .878) or by keal/kg/d (Fo57= 
367.353, P< .001, n3 = .913) (Table 4 and Figure 2). The exercise 
intervention for the MOD group increased mean energy expendi- 
ture by 161 (27) kcal/d or about a 15% increase in activity-related 
energy expenditure. For the HIGH group, the increase of about 277 
(58) kcal/d represented an increase in activity-related energy 
expenditure of about 27%. TDEE at baseline was not different 
among the 3 randomized groups (Figure 2). In contrast to the 
changes in EEex, there was no significant group effect on the 
change in TDEE over the intervention period (F257=2.219, 
P=.118, Np = .072). 


Energy Intake 


Change in calculated daily energy intake (Table 4 and Figure 2) 
indicates that there was no significant difference between groups 
during the intervention (F257 = 1.603, P=.211, Np = .053). Simi- 
larly, there was no significant group effect among females (F227 = 
2.010, P=.154, 45 =.130) or males (F227=0.304, P=.741, 
Np = .022) (Figure 3). 


MOD HIGH Significance (P value) 
-0.42 (1.33) —0.62 (1.73) 379 
—0.23 (0.48) —0.21 (0.53) .256 
—0.5 (7.5) —1.86 (3.9) TAT 
—0.45 (1.36) —1.04 (1.55) 122 
0.22 (1.21) 0.56 (1.45) 278 
—0.53 (1.39) —1.15 (1.49)* .056 
2 (152) 3 (169) 290 
159.5 (26.9)* 223.2 (59.1)**** <.001 
16 (2)* 27 (5)"** <.001 


Energy Stores 


Table 3 shows the baseline energy stores with no between-group 
differences. There was no significant difference between groups 
for the change in energy stores (F257 = 1.911, P=.157, Np = .063; 
Figure 2). Male and female individuals showed a sex difference 
in change in energy stores (Fy 27=6.771, P=.004, n = .142; 
Figure 3). Males showed no between-group differences in total 
kilocalories changes (P=.976) while females in the 2 exercise 
groups showed a stepwise decrease in total energy stores from the 
change in the OBS group (OBS vs MOD and HIGH group, 
P=.004; MOD vs HIGH group, P=.030). 


Resting Metabolic Rate 


There were no differences in RMR among groups at baseline (F> 56 = 
1.114, P=.335; Table 3), or within- or between-group changes in 
RMR during the training period (F256 = 0.070, P= .932, 7, = .002; 
Table 4). Furthermore, there were no differences among groups for 
the change in RMR for female (F227 = 0.040, P= .960, Np = .003) or 
male individuals (F227 =0.027, P=.974, Np = .022). 
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Figure 2 — Graph illustrating group changes in daily energy dynamics 
among randomized groups. Data are presented as mean (SE) adjusted 
for age, race, and sex. “Versus OBS group. ** Versus MOD group. P< .05. 
HIGH indicates high exercise; MOD, moderate exercise; OBS, observation; 
TDEE, total daily energy expenditure. 


Discussion 


The most important findings from the current study are (1) the step- 
wise increase in exercise-induced energy expenditure across 
groups did not result in an equivalent increase in TDEE; (2) in 
contrast to the similar increase of EEex and TDEE among the 
individuals in the MOD group, the increase in TDEE among the 
individuals in the HIGH group was lower than the achieved daily 
average of EEex; and (3) while all individuals included in the 
analyses maintained body weight within 3% of baseline measure- 
ments, female individuals in the HIGH group lost more body 
weight than those in the OBS or MOD groups, and the weight 
loss was entirely due to a loss of fat mass. 


Body Composition and Metabolic Function 


The primary focus of most research examining the energetics 
of body weight change has been based on the anorexic effects of 
increased expenditure through exercise and reduced consumption 
through dieting and caloric restriction. In one earlier weight man- 
agement study, individuals were randomized to a group that 
increased energy expenditure through exercise with compensated 
intake to maintain body weight (attempting to maintain energy 
balance at a higher energy flux) resulting in significant loss of 
abdominal fat without overall body weight change.!> Similarly, the 
present study showed a stepwise reduction in fat mass among the 
women in the 2 exercise groups—but not among the men. Previous 
small studies showed similar effects in individuals who reduced 
overall fat mass, but not abdominal fat, by increasing energy 
expenditure through exercise while maintaining body weight.?4 
While women individuals in the current study did not lose fat 
specifically in the torso, the loss of fat mass resulting from increased 
energy expenditure appears to be consistent across the literature.?° 

In the present study, the changes in body fat among women in 
the HIGH group explain the reduction in total energy stores during 
the intervention period. This group experienced a similar change in 
TDEE to that of the MOD group of females—suggesting that the 
loss of fat mass was specific to the EEex rather than TDEE changes. 
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Figure 3 — Graph illustrating group changes in daily energy dynamics 
for females and males. Data are presented as mean (SE) adjusted for age, 
race, and sex. “Versus OBS group. **Versus MOD group. P< .05. MOD 
indicates moderate exercise; OBS, observation; TDEE, total daily energy 
expenditure. 


Importantly, the reduction in energy stores was not due to a change 
in RMR, as there was no difference from baseline RMR levels. 

As RMR is dependent on total body mass and fat-free mass, a 
significant rise in either will increase RMR.?° Generally, studies 
indicate that there is a strong relationship between physical activity 
and RMR across a range of exercise intensities, and that EEex 
is associated positively with fat-free mass and increased RMR.?’ 
As discussed previously,” the positive relationship between high- 
energy flux and RMR does not explain risk of weight gain at a low- 
energy flux. Results from the present study suggest that there is 
a complex relationship among RMR, energy expenditure from 
physical activity and TDEE. 


Energy Balance and Compensation 


A longstanding question is whether increasing structured exercise 
will result in an increase in TDEE—and if so, whether the increases 
are proportional.” Previous studies in the older adults have shown 
no increase in TDEE with adoption of a structured exercise 
program and concluded that the incongruity was due to a reduction 
in nonstructural physical activity.*-!° In contrast, studies in young 
adults reported that nonstructured physical activity actually 
increased with an increase in exercise activity.!!—!> 
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The exercising groups in the present study showed a clear 
stepwise increase in structured EEex compared with the OBS 
group, with the HIGH group reaching an expenditure of almost 
300 kcal/d. However, TDEE among the MOD and HIGH groups 
did not respond similarly as there was no significant difference in 
the change compared across the 3 groups. The change in TDEE for 
the MOD group was about 24% greater than the daily EEex. By 
contrast, the change in TDEE recorded for the HIGH group was 
only about 57% of their EEex. These data suggest an increase in 
daily non-EEex among the individuals in the MOD group with a 
decrease among individuals in the HIGH group—a compensatory 
response that would impact the accuracy of weight loss models 
based on the assumption that TDEE increases proportionally 
to EEex. 

While studies support the relationship between physical 
activity and better weight management, exercise typically results 
in high variability in weight change and generally less actual body 
weight loss than predicted.!3° The most-cited explanations are 
compensatory increases in energy intake and/or reductions in 
nonintentional activity.?*! An analysis of 15 exercise training 
studies concluded that factors limiting weight loss were dietary 
compensation and low dose of achieved EEex (in contrast to 
prescribed EEex).** 

To address the confounding variability in eating behavior 
during exercise interventions, the present study required that in- 
dividuals maintain body weight by matching energy intake with any 
change in energy expenditure. The balanced relationship between 
increased energy intake and expenditure was generally achieved in 
males in both exercising groups and females in the MOD group. The 
stable energy stores among the male and female participants in the 
MOD group indicate that the increase in TDEE was matched 
relatively well through increased energy intake, which was required 
by study design. 

In contrast to the individuals in the MOD group, the introduc- 
tion of a substantially greater amount of EEex in the HIGH group 
resulted in a TDEE of less than what would be expected if energy 
expenditures were additive. The males in the HIGH group increased 
TDEE only about 60% of what would be expected with a propor- 
tional change to the increased EEex—resulting in similar TDEEs 
for the males in the MOD and HIGH groups. 

The effect of exercise training on TDEE among females in the 
HIGH group was also less (about 57%) than anticipated from a 
proportional response. In fact, the mean absolute TDEE for the 
individuals in the HIGH group was about 35% lower than that of 
the MOD group. The females in the HIGH group lost significant 
energy stores through a loss in fat mass. Since there was no change 
in RMR among these individuals, this loss of energy stores was 
likely a result of a proportionally lower energy intake compared 
with expenditure. 

Since caloric intake was structured to maintain body weight, it 
could be speculated that an EEex threshold had been exceeded by 
the HIGH group above which compensation began to play a 
significant role in blunting the rise in TDEE. If so, the threshold 
does not appear to be sex specific as both females and males in the 
MOD group could maintain energy balance in the higher energy 
state, but neither sex in the HIGH group could maintain a propor- 
tional change in TDEE above that observed in the MOD group. 
The sex difference appeared to be in the ability of the males in the 
HIGH group to maintain a high EEex with an increase in energy 
intake, while the females in this exercise group showed an inability 
to maintain the EEex without a significant reduction in energy 
stores. 


There are a number of limitations to the study. First, the 
individuals were limited to healthy young adults who were 
overweight or obese. So, it is unclear if the results can be 
generalized to other age groups or healthy weight populations. 
Second, the exercise intensity (70%-75% of peak capacity) was 
chosen to allow for the allotted weekly EEex in a reasonable 
number of sessions. However, the intensity is above the typical 
“moderate” intensity range of 50% to 65% of maximal aerobic 
capacity. Third, the individuals in the HIGH group had difficulty 
in achieving the prescribed EEex as reflected by the greater 
dropout rate and group’s average EEex below 35 kcal/kg/wk. 
Fourth, differences found between female and male participants 
should be considered with caution as the study was not powered 
statistically to compare sexes. Fifth, the requirement to maintain 
body weight produced an artificial influence on eating behavior 
that should not be perceived as a normal dietary response to 
exercise. 


Conclusions 


The results of this study suggest that increasing physical activity— 
associated energy expenditure does not necessarily translate to a 
proportional increase in TDEE. Since the increase in TDEE for 
the MOD group was about 6%, and that for the HIGH group was 
about 11%, compensatory mechanisms may become a factor in the 
8% to 10% range of TDEE. The findings suggest that an emphasis 
should be placed on maintaining or increasing non-EEex when 
prescribing exercise interventions. 
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